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@ A process for the preparation of corticosteroid esters of 
the formula 
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in 



wherein 

— signifies that a double bond can be present: 
X is hydrogen, fluorine or chlorine; 

Rt is hydrogen, fluorine, chlorine or methyl, which may be ei- 
ther cor {}; 

R 2 is halogen, oxo. i.e. ketonic oxygen, or hydro xyl; 
R 3 is hydrogen, a-methyl or p-methyl; 



R 4 is an acyl group of the formula RCO, in which R is one of the 
following: 

i) an alkyl group containing 1 to 16 carbon atoms, whether 
straight-chained, branched or cyclic; 

ii) an aralkyl group of 7 to 8 carbon atoms; or 

iii) a phenyl group; 
R 5 is hydroxyl or R 6 ; where 

R 6 is hydrogen, halogen, two halogen atom substituents or 
OR 7 , where R 7 is an acyl group of the formula R'CO in which 
R', which can be identical or different to R in the same mole- 
cule, is one of the following: 

i) an alkyl group containing 1 to 16 carbon atoms, whether 
straight-chained, branched or cyclic; 

ii) an aralkyl group of 7 to 8 carbon atoms; or 
Mi) a phenyl group; 

which comprises esterifying a compound of the formula 



K 
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wherein X, R,, R 3 and R 5 are as defined above, and 
R 8 is trihaioacetate, halogen or oxo; 

at the 17- position only, or at the 17- and 21- positions when R s 
in formula III. is hydroxy!, the said esterification being carried 
out with the anhydride of the acid containing the group it is de- 
sired to enter at the 17- position, or at the 17- and 21- posi- 
tions, together with a pair of strong acids; and if desired elimi- 
nat.ng immediately thereafter any 11 -trihaioacetate substitu- 
ent, to form a compound of formula I, wherein R 2 is hydroxyl 
R 5 is R 6 . and X, R 1( R 3 and R 4 are as defined above; or when R a 
is halogen or oxo and R 5 is R 6 , isolating a compound of formula 
I after the said esterification; or treating a compound of formu- 
la IV from the esterification 



wherein X, R, and R 3 are as defined for formula I- 
R 9 is an alkyl group of 1 to 3 carbon atoms; and ' 
Rio is a hydrocarbon group comprising one of the following- 
I) an aikyl group of 1 to 16 carbon atoms, whether 
straight-chained, branched or cyclic; 

ii) an aralkyl group of 7 to 8 carbon atoms; or 

iii) a phenyl group; 

to form a compound of formula I, wherein R 2 and R 5 are both 
hydroxyls. and R 1t R 3 . R 4 and X are as defined for formula I. 



(Trihaloacetyl^- Q 




(IV) 



wherein R5 ,s R 6 . by eliminating the 11 -trihaioacetate group 
therefrom by reaction, in the presence of a lower alcohol with 
an organic amine (other than one in which the nitrogen forms 
part of an aromatic ring), or ammonia gas dissolved in a suit- 
able anhydrous solvent, or ammonium hydroxide or hydrazine 
to produce a compound of formula I wherein R 2 is hydroxyl rJ 
is Re and X. R lt R 3 and R 4 are as defined from formula I; or' by 
so .eliminating the 1 1-trihaloacetate group from a compound of 



(Trihaioacetyl) — o 




(V) 
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STEROIDAL ESTERS AND PROCESS FOR THE 
PREPARATION OF STEROIDAL ESTERS 



This invention relates to a process for the preparation of steroidal 
esters, and to certain of such steroidal esters, which are novel per se. 

Corticosteroids have long been known for their anti-inflammatory ac- 
tivity. It has been similarly known that the topical activity can be consi- 
derably enhanced by the introduction of ester functions, especially at the 
17- position only and at the 17- and 21- positions. These esterified corti- 
costeroids also offer the advantage of minimal systemic activity. 

The present invention provides a new and efficient route to compounds 
of the following formulae 

r-Rs 




( I ) 



in which 

X 
Ri 



signifies that a double bond can be present; 
is hydrogen, chlorine or fluorine; 

is hydrogen, fluorine, chlorine or methyl, which may be either a or 
6; 

R 2 is halogen, oxo or hydroxyl; 

R 3 is hydrogen, a-methyl or B-methyl; 

Rtt is an acyl group of the formula RCO, in which R is one of the follow 

ing 

i) an alkyl group containing 1 to 16 carbon atoms, whether straight 
-chained, branched or cyclic; 

ii) an aralkyl group of 7 to 8 carbon atoms; 

iii) a phenyl group; 

R 5 is hydroxyl or R$; where 

R 6 is hydrogen, one or two halogen atom substituents or 0R 7 , where R 7 

is an acyl group of the formula R'CO in which R* , which can be iden 
tical or different to R in the same molecule, is one of the follow- 
ing 

m • • / * • * 



~ 2 ~ 0072200 

i) an alkyl group of 1 to 16 carbon atoms, whether straight-chain 
ed, branched or cyclic; 

ii) an aralkyl group of 7 to 8 carbon atoms; or 

iii) a phenyl group. 

Thus, the present invention covers the preparation of betamethasone, 
dexamethas one, beclomethasone, clobetasol, prednisolone, hydrocortisone es- 
ters by one general process. 

The known prior art processes available for the preparation of such 
compounds can be split into three groups. 

The first is the direct introduction of 17- ester function, without 
any protection at, for instance, the 11- position. This was exemplified by 
Huang-Minion et al. in J. Amer. Chem. Soc. 74, 5394-96, (1952) and in Bri- 
tish Patents 737.291 (priority 1952) and 1.070.751 (priority 1964), and U.S. 
Patent 3.721.687 (priority 1970). The acylation was carried out with the 
anhydride of a lower aliphatic carboxylic acid, in the presence of a strong 
acid catalyst, such as p-toluenesulphonic acid. 

It is well known that the order of esterif ication of hydroxyl func- 
tions is primary hydroxyls, then secondary and finally tertiary. Thus, in 
the case of an 11 , 17 ,21-trihydroxy steroid, direct esterif ication will give 
a mixture made up of some varying percentages of the 21-monoester , 11,21-di 
ester and 11,17,21-triester. The separation of the required product is no7 
mally not economically feasible, even if a suitable process can be found. 
Additionally, no method for the selective removal of an unactivated 11-ester 
in an 11,17,21-triester is at present known. 

The second methodology covers the use of functional group protection 
prior to the introduction of the ester function(s) . The usual protecting 
groups for the 11-hydroxyl function were the trihaloacetate, the trimethyl- 
silyl ether, the tetrahydropyran-(2'yl)ether, and the nitrate ester. The 
first of these was initially described by Reichstein in U.S. Patent 2.800.489 
(priority 1953), and has been used in British Patent 1.097.165 (priority 
1965) and U.S. Patent 4.024.131 (priorities 1974 and 1975). The trimethyl, 
silyl ether was used in British Patent 1.227.992 (priority 1968), wherein 
the preparative method involved extraction techniques, which are in prefe 
rence to be avoided, whilst the yields given are not particularly good. The 
tetrahydropyran-(2 , yl)ether group was described in U.S. Patent 4.024.131 and 
similarly the preparative method involved extraction techniques. Nitrate es^ 
ter protection was first described in British Patent 1.082.573 (priority 
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1965) and then again in British Patent 1.158.492 (priority 1966). In the 
latter disclosure it was stated that the technique was not universally appH 
cable, especially for 21-desoxy steroids, due to the formation of the 17-ni- 
trate ester. 

Once the 11-hydroxyl group and any other sensitive groups have been " 
protected, the 17-acylation is carried out. The first process to be used was 
that given in British Patent 737.291, using the anhydride of a lower carboxv_ 
lie anhydride in the presence of a strong acid catalyst, such as p-toluenesul 
phonic acid. This process was further used in British Patents 1.158.492 and 
1.227.992, amongst many others. Unfortunately, the process suffers from the 
disadvantage that it is necessary "to carry out the acylation by heating the 
17a-hydroxy-20-keto steroid with the anhydride at temperatures in excess of 
100°C for extended periods of time". This causes extensive degradation, espji 
cially in steroids containing many sensitive functional groups. 

Hence, this process was superseded by the use of an aliphatic or cy- 
cloaliphatic carboxylic acid together with trif luoroacetic anhydride, as des_ 
cribed in German Patent 1.013.284 (priority 1956), and used in British Patents 
1.391.712 (priority 1971) and 1.158.492 and 1.227.992 amongst others. How- 
ever, this method was only a slight improvement over the then prior art, sin 
ce it was still necessary to heat the reaction mixture, this time to between 
80°C and 90°C. 

British Patent 1.097.165 (priority 1965) then described a process 
which is basically a combination of the two given above in that an aliphatic 
or cycloaliphatic carboxylic acid containing from one to nine carbon atoms, 
plus trif luoroacetic anhydride and a strong acid catalyst, such as p-toluene_ 
sulphonic acid, are used to effect the desired acylation. It was claimed 
that this mixture worked at room temperature, making it more applicable than 
the then prior art. Unfortunately, the quantity of reagents necessary was 
extremely high, typically ten milliliters of the acid and four milliliters 
of trif luoroacetic anhydride per gram of the starting steroid. This not on- 
ly made the process expensive, but it then became difficult to isolate the 
desired product in a pure state. Hence, the mixtures had to be steam-distil 
led to remove the vast excess of the acids and then column chromatography 
was normally used to isolated the products. 

After the 17-acylation step it is then necessary to selectively remo 
ve the 11- protecting group. A trif luoroacetate group can be removed by sol^ 
volysis with silica, as described in British Patent 1.391.712 and in U.S. Pa^ 

. • . / . . • 
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tent A. 024. 131; by sodium bicarbonate hydrolysis, as described in U.S. Patent 
4.024.131; by solvolysis with an alkali or alkaline earth metal salt of an 
acid with a pKa of between 2.3 and 7.3, as described in British Patent 
1.097.164 (priority 1965); or by catalytic quantities of sodium methoxide , as 
described in Portuguese Patent 71.309. The tetrahydropyran-(2 'yD-ether and 
the trimethylsilyl ether protecting groups can be removed by acid hydrolysis, 
whilst the 11-nitrate ester requires zinc in acetic acid. 

In respect of the trif luoroacetate group removal, the use of silica 
or of an alkali or alkaline earth metal salt of an acid with a pKa value of 
between 2.3 and 7.3, are not methods of choice. This is due to the hetero- 
geneity of the reaction, resulting in a tendency to leave unreacted starting 
material in the product and thus giving variable results. This problem can 
also be obtained when sodium bicarbonate is used, since the product and the 
starting steroid often co-crystallise in the methanolic medium. The use of 
catalytic quantities of sodium methoxide is the best available prior art me 
thod, but here the reaction parameters must be strictly controlled, otherwise 
ester functions, especially those at the 21-position, can be removed. This 
is demonstrated in British Patent 1.196*683 (priority 1967) wherein sodium 
methoxide removes not only an 11-chlorodif luoroacetyl group, but also a 21- 
acetate group as well. 

The other protecting groups present problems in the preparation of 
derivatives, eliminating them as candidates for viable processes. 

The final general method for the preparation of the compounds of the 
present invention is via the cyclic 17a,21-orthodies ters . This was first 
described in Belgian Patents 618.831 and 619.180 (priorities 1962), and then 
later described in British Patents 1.043.347 and 1.047.518 (priorities 1964). 
This process, which is only applicable if the starting material has a 17a, 21- 
dihydroxy-20-one s-ub- structure, works well without the necessity for protec 
tion of the 11-hydroxyl. Unfortunately, the acid hydrolysis of the interme 
diate cyclic orthodiester is not sufficiently selective and is very sensiti 
ve to the reaction conditions, yielding in addition to the 17-monoester , the 
21-monoester and the 17,21-dihydroxy compounds. Another restraint upon this 
method is the difficulty of preparation of the starting trialky lor thoes ters , 
those derived from acids with more than six carbon atoms being exceptionally 
difficult to obtain. 

The present invention is based upon the discoveries that the 17-acy- 
lation stage can be carried out more simply, more economically in terms of re 
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agents, in better yield and purity than has been hitherto the case, and that 
the removal of a 11- trif luoroacetate protecting group can be most simply ac- 
complished in almost stoichiometric yield by reaction with either an amine, 
ammonia or hydrazine. 

According to the present invention the starting material, which can 
be prepared by standard methods known to those skilled in the art, is 

r-Rs 




( III ) 

in which R 8 is trihaloacetate , oxo or halogen. In the case where R B is tri 
haloacetate, which is by preference the trif luoroacetate, this protecting 
group is introduced by standard methods, such as dissolving the 11-hydroxy 
steroid in pyridine, which can be. diluted with a solvent inert in the reac- 
tion, such as tetrahydrofuran, and adding trif luoroacetic anhydride, and then 
isolating the required product by conventional means, such as precipitation 
in water. 

The acylation at the 17- position is carried out with the anhydride 
of the carboxylic acid, plus a pair of strong acids. The quantity of the an 
hydride which should be used, is from 1.5 moles per mole of starting steroid 
upwards. Thus, in the case of the introduction of the 17-valerate group into 
betamethasone 11- trif luoroacetate 21-acetate (Example 9a), the preferred quan 
tity of valeric anhydride is 0.76 ml/gm. This compares very favourably with 
the conditions given in British Patent 1.097.165, Example 4, of 10 ml of va 
leric acid per gm of starting material. One of the pair of strong acids ^ 
should be a trihaloacetic acid, of which trif luoroacetic acid or trichloro- 
acetic acid are preferred. This acid should also be present in molar quanti^ 
ties above 1.5 in comparison with the starting steroid. Again, in the case 
of the introduction of the 17-valerate group into betamethasone 11- trif luoro 
acetate 21-acetate, the preferred quantity of trif luoroacetic acid is 0.58ml 
/go. In comparison, the above mentioned Example 4 in British Patent 
1.097.165 uses 4 ml of trif luoroacetic anhydride per gm of starting material. 

The second acid of the pair is present in catalytic quantities and 
can be chosen from a variety of strong acids. Typical of this choice is p- 
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toluenesulphonic ^cic, me thane sulphcni c ocic, U^nzt-nesulphonic acid, perchlo 
ric acid, hydrochloric acid. 

The order of mixing of the various rc stents is not of importance, al 
though it is preferable to cool the reaction vessel during the actual mixing 
process. Normally, the trihaloacetic acid is cooled to about 0°C, when the 
acid anhydride is added, followed by the second acid and finally the steroid 
which is to be reacted. 

One of the most surprising features of the present invention, which 
comprises part of its inventive merit, is that for equivalent quantities of 
reagents this new process is considerably faster than that given in the prior 
art . 

The following table refers to the introduction of the 17-valerate in 
to Betamethasone 11- trif luoroacetate 21-acetate (See Example 1). - 

TABLE I 



Method 


MTFAA/ 
MSS 


MTFA/ 
MSS 


MVA/ 
MSS 


MAVA/ 
MSS 


Reaction 
Temper 
ature 


Time to 
completion 
by 

chromatography 


British 
Patent 
1.097.165 
Example 4 


14.84 




47.44 




28°C 


1 hour 


Half of 
above 
conditions 


7.42 




23.72 




28°C 


3 hours 


Present 
Invention 




7.61 




3.80 


28°C 


Less than 
1 hour 


Present 
Invention 




4.00 




2.00 


28°C 


1 hour 



is the molar ratio of trif luoroacetic anhydride to the start- 
ing steroid 

is the molar ratio of trif luoroacetic acid to the starting ste 



where 
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raid . 



MVA/ 



MSS 



is the tnolar ratio of valeric acid to the starting steroid. 



MAVA/ MSS is the molar ratio of valeric anhydride t the starting material. 

This increase in the rate of reaction is believed to be due, in part, 
to the higher dielectric constant of the reaction mixture. This is bourne 
out by the fact that the use of some inert diluents of relatively low dielec 
trie constant do not allow the reaction to proceed. 

Hence, it has been found that esterif ication occurs in the presence 
of acetonitrile or nitromethane, whereas in the presence of tetrahydrofuran, 
dioxan, chloroform and acetone the reaction is extremely slow and even after 
a 6 hour reaction the majority of the starting steroid is recovered unchanged. 
It will be noted that the two above mentioned successful diluents have high 

dielectric constants. 

It will be noted that Rs, in the starting material, compound III, can 
be hydroxyl, so that when symmetrical 17 ,21-diesters are required, the afore 
mentioned reaction can be carried out on a 17,21-dihydroxy steroid. Once the 
reaction is complete, the isolation method is dependent upon the starting ma 
terial and on the desired product. Thus, when Re in compound III is oxo or 
halogen, the product is obtained by conventional means, such as precipita- 
tion in water. This is also a part of the inventive merit of the present 
invention over the prior art, since the latter teaches that steam distilla 
tion is usually required. This is to remove the vast excess of reagents ori 
ginally used, otherwise precipitation yields an oil, which is often intrac- 
table. Thus, the minimal quantities desirable in the present invention not 
only produce a faster, cleaner reaction, but also facilitate the obtention 
of the required product. Similarly, when R„ is trihaloacetate, isolation of 
the product by conventional means, such as precipitation in water, will give 
the U-trihaloacetate 17- esterified product. Since the trif luoroacetate 
group is not pharmaceutical^ acceptable, it must normally be removed. Thus, 
a further feature of the present invention is the direct isolation of the 11- 
hydroxyl compounds, which can be accomplished by the use of amines or ammonia. 
It has been established that an amine or ammonia, whether in the presence of 
water or not, will selectively remove an U-trif luoroacetate group and this 
will be more fully discussed hereinafter. The substitution pattern of the 
amine does not seem to be of vital importance. However, those amines in 
which the nitrogen forms part of an aromatic ring, for example pyridine, are 

• m m i • • • 
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inactive and are excluded from the group of useful amines. 

It is possible to isolate the required products by t\:o slightly dif- 
ferent processes. Thus, the amine can be added to the acylating rcactiontnix 
ture and the product isolated by conventional means such as precipitation in 
water. Alternatively, the reaction mixture can be precipitated directly us- 
ing a water/amine mixture, or using an ammonium hydroxide solution. The quar\ 
tity of amine or ammonium hydroxide used should be in excess, guaranteeing 
the neutralisation of the various acidic or pro-acidic constituents of the 
acylating mixture. In some instances, it is necessary to add, on solubility 
grounds, an inert diluent, such as dioxan, tetrahydrof uran or dimethyl forma 
tnide, to ensure that the trif luoroacetate group is completely eliminated. 
The present invention thus allows the introduction of the ester group (s) re- 
quired and the subsequent selective removal of the trif luoroacetate protect- 
ing group without isolating the intermediate compound, the accomplishment of 
which has until now required two separate reactions. 

The direct precipitation of an 11-trif luoroacetyl 17- esterified ste 
roid was discussed above, and in order to obtain the 11-hydroxyl product, it 
is necessary to remove the trif luoroacetate group. It has been found that 
the use of an amine, ammonia or hydrazine, whether in the presence of water 
or not, can accomplish this in almost stoichiometric yield. The steroid is 
dissolved in a lower alcohol, preferably methanol or ethanol, plus an inert 
diluent, such as tetrahydrof uran, dioxan, dimethylf ormamide , if so required. 
The amine is then added in small quantities, preferably between 0.01 and 1.0 
moles per mole of the starting material. The reaction is normally complete 
in about fifteen minutes at room temperature. The product can be isolated 
by conventional means, such as precipitation in water. Alternatively, a so^ 
lution of ammonia gas in an absolute lower alcohol can be used instead of the 
amine . 

The use of hydrazine is limited to those compounds in which Rs of foj_ 
mula I is hydrogen, halogen or two halogen substi tuents . Apart from this, 
the reaction proceeds in the same manner as for the amines . 

Hydrazine is less applicable than amines or ammonia in the case where 
Rs in formula I is an acyl group, occasionally provoking the formation of by- 
products . 

As is well known to those skilled in the art, corticosteroid 17-mono- 
esters are particularly active. It is a further inventive feature of the pre 
sent process th.it the 11-trif luoroacetate group can be removed from the 11- 
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cri :1 *j::*.»"cc- 1 7-es ter-21-hydroxy steroids, utilizing an amine cr ammonia. 
The cr; : 1 uorc--. : - cane group surprisingly exerts a stabilising effect on the 
17-esidr :u;vcrion, in that none or negligible quantities of the 21-ester are 
obtained curing the removal of the trif luoroacetate group, it being well 
5 known that this transes terif ication reaction is facile under both acidic or 
basic conditions. These 11 , 17-dies ters can be best prepared from compound 
III in which R 5 is either 0R 7 or hydroxyl by the above processes of acyla- 
tion, followed by strong acid solvolysis, as is fully discussed in Portugue 
se Patent 71.309. 

10 Another example of the surprising stabilising effect of the 11-tri- 

f luoroacetate group on the 17-ester function is that the 11-trif luoroacetyl- 

17a,21-orthodiesters can be successfully hydrolysed in the presence of aque- 

t 

ous amines or ammonia, affording primarily the 17- es terif ied product. Under 
precisely the same conditions, ll-hydroxy-17a, 21-orthodiesters are recovered 

15 unchanged from the reaction. 

The compounds -of the present invention were tested according to a mo 
dified McKenzie vasoconstriction test. Creams, prepared using the formula- 
tion given in Example 23, (at a concentration of 0.05% and dosage of 50 mg) , 
were applied to the backs of twenty healthy volunteers. The occlusive tape, 

20 covering the sterile gauze used for the application, was removed after 16 

hours and the areas viewed at time intervals up to six hours. The results of 
the test showed that, surprisingly beclomethasone 17 ,21-diacetate was of, at 
least, equal potency topically to both betamethasone 17-valerate and dexame- 
thasone 17 , 21-dipropionate at the indicated dosage level. The other previous^ 

25 ly unknown steroids tested also showed good topical activity in this test. 

The products of the present invention when mixed with pharmaceu tical_ 
ly acceptable excipients and diluents, well known to those skilled in the art, 
are active in locally-applied topical formulations. Typical of these formu- 
lations are creams, ointments, lotions, eye-drops and oral inhalation sprays. 

30 The content of the active principle depends on the actual formulation, but 

are generally between 0.001% w/w and 0.5% w/w, more preferably between 0.01% 
w/w and 0.25% w/w. 

The formulations prepared with the products of the present invent- 
ion can be used in the topical management of corticosteroid-responsive derma 

35 toses, which may include 

Psoriasis 
Eczemas 



10 - 



0072200 



10 



i.'eurodc-r-acitis 
Seborrhoeic dermatitis 
Contact dermatitis 
Atopic dermatitis 
Intertrigo 

In addition, the 21-desoxybetamethasone 17-heptanoate prepared in Ex 
ample 2 is especially suitable for use as a long-acting active principle in" 
an intramuscular injection. 

The following examples serve to illustrate the present invention, with 
out in any way limiting the scope thereof. 



15 



20 



25 



30 



35 



EXAMPLE 1 : PREPARATION OF BETAMETHASONE 1 1— TRIFLUOROACETATE 17-VALE - 
RATE 21— ACETATE 

Four experiments were carried out to illustrate the fact that the acy 
lation conditions of the present invention are faster than those of the prio~r 
art. The first experiment used the conditions of British Patent 1.097.164, 
Example 4, whilst the second used twice the amount of starting betamethasone 
11-trifluoroacetate 21-acetate as was present in the first experiment. The 
other two trials used conditions from the present invention. Samples were 
removed at timed intervals and diluted with water, then chloroform extracted, 
which was washed with water and dried by passage through anhydrous sodium sul 
phate. The course of each reaction was monitored by thin layer chromatogra- 
phy, and the results are given in Table I. These clearly indicated that the 
reaction is complete in a shorter time with considerably less reagents pre- 
sent when the process of the present invention is employed. 

EXAMPLE 2 : PREPARATION OF 21— DESOXYBETAMETHASOKE 17-HEPTANOATE 
Heptanoic anhydride (8.40 ml; 31.78 mmoles) and trichloroacetic acid 
(5.20 g; 31.82 mmoles) were mixed at 0°C, after which p-toluenesulphonic acid 
(0.50 g) and 9c e -fluoro-llB,17a-dihydroxy-160-methylpregna-l,4-diene-3,2O-di- 
one 11-trifluoroacetate (10.00 g; 21.16 mmoles) were added. The mixture was 
stirred at 40-45°C for 4 hours, cooled to ambient temperature, and then pour 
ed into 50% aqueous isopropylamine . The precipitated solid was filtered, well 
washed with water, and dried at 50°C to give 9.48 g of 21-desoxybetamethasone 
17-heptanoate. Recrystallisation from methanol gave an analytically pure ma 
terial, with the following characteristics: melting point 194-6°C and speci 
fic rotation in dioxan +54.28°. _ 
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EXAMPLE 3 : PREPARATION OF DEXAMETHASONE 17- VALE RATE 2 1-ACETATE 
Valeric anhydride (3.90 ml; 19.47 mmoles) was added to previously 
cooled trif luoroacetic acid (1,50 ml; 19.60 mmoles), followed by benzenesu_l 
phonic acid (250 mg) and finally 9a-f luoro-118, 17a,21-trihydroxy-16a-methyl_ 
pregna-1 ,4-diene-3,20-dione 11-trif luoroacetate 21-acetate (5.00 g; 9.68 
5 mmoles). The mixture was stirred at 40-45°C for two hours, before 25% ammo 
nium hydroxide was added. After stirring for 30 minutes, the mixture was 
poured into ice cold water and the precipitated solid collected by filtra- 
tion, washed with water and dried at 50 °C. The product, which weighed 4.80 
g, was shown to be chroraatographically identical with an authentical sample 
10 of the title compound. Recrys tallisation gave a product with a melting point 
of 159°C. 

EXAMPLE 4 : PREPARATION OF BECLOMETHASONE 17a, 21 -PLACET ATE 

Acetic anhydride (2.00 ml; 21.16 mmoles), trif luoroacetic acid (2.00 

15 ml; 26.13 mmoles) and p- toluenesulphonic acid (0.25 g) were mixed at 0°C, and 
9a-chloro~llB, 17a, 21-trihydroxy-166-rnethylpregna-l,4-diene-3,20-dione ll-tri_ 
f luoroacetate (2.50 g; 4.95 mmoles) was added. The mixture was stirred at 
40°C for 1 hour 35 minutes, then cooled to 0°C and tetrahydrof uran (10 ml) 
and 12.5% aqueous ammonia (25 ml) added. After stirring for 30 minutes, the 

20 mixture was poured into ice cold water. The precipitated product was filtej: 
ed, washed with water, dried at 50°C to yield 2.27 g of the above compound. 
An analytical sample was obtained by recrys tallisation from methanol and had 
the following analytical values: melting point 228-231°C and specific rota- 
tion in chloroform of +87.28°. 

25 

EXAMPLE 5 : PREPARATION OF 9a, 11B-DICHL0R0-I7a, 21-DIHYPR0XY-16B- 

METHYLPREGNA- 1 , 4— DIENE-3 , 20-DIONE 17- VALERATE 21-ACETATE 
Trif luoroacetic acid (4.80 ml; 62.72 mmoles), valeric anhydride (4.80 
ml; 23.97 mmoles) and methanesulphonic acid (0.400 ml) were mixed at 0°C and 
30 then 9a, llB-dichloro-17a,21-dihydroxy-166-methylpregna-l,4-diene-3,20-dione 
21-acetate (7.50 g; 15.98 mmoles) was added. The mixture was stirred at 40° 
C for 2 hours, then poured slowly into i ce cold water. Collection of the 
precipitate by filtration, washing with water and drying at 50°C yielded 8.90 
g of the title compound. Recrys tallisation from methanol gave an analytical 
35 ly pure sample with specific rotation in dioxan of +110.53°. The CI mass 

spectrum exhibits a typical molecular ion pattern centred on m/ e 553 (M + 1), 
with the base peak at m/ 323. 
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EXAMPLE 6 : PREPARATION OF 21-DESOXYBECLOMETHASONE 17-3UTYRATE 
Butyric anhydride (5,25 ml; 32.19 mmoles), trif luoroacetic acid (5.25 
ml; 68.60 mmoles) and methanesulphonic acid (0.45 ml) were mixed at 0°C, and 
then 9a-chloro-llB,17a-dihydroxy-166-tnethylpregna-l,4-diene-3,20-dione 11- 
trifluoroacetate (7.50 g; 15.34 mmoles) was added. The reaction mixture was 
stirred at 40°C for 2 hours 30 minutes, and then poured into a mixture of te 
trahydrofuran (17.4 ml) and 12.5% aqueous ammonia (43.5 ml). After stirring 
for 15 minutes, the mixture was poured into ice cold water, the product fil- 
tered, washed with water and dried at 50°C to yield 6.29 g of the title com- 
pound. After washing with an ice-cold methanol and acetone mixture, the pro 
duct had the following analytical values : melting-point 250-252°C and spe- 
cific rotation in chloroform +102.72°. 

EXAMPLE 7 : PREPARATION OF 9a-CHL0RO17a-HYDR0XY-16 B-METHYLPREGNA- 
1 , 4-DIENE-3 . 11 , 20-TRIONE 17-BUTYRATE 

The use of trif luoroacetic acid (3.50 ml; 45.73 mmoles), butyric an- 
hydride (3.20 ml; 19.62 mmoles), methanesulphonic acid (0.25 ml) with 9a- 
chloro-17a-hydroxy-16B-methylpregna-l, 4-diene-3.il, 20-trione (5.00 g; 12.79 
mmoles) in the normal fashion at 40°C for 2 hours, yields, after precipita- 
tion in water and recrys tallisation from methanol: dichlor ome thane :di-isopro 
pyl ether, 5.27 g of the title compound. The melting point was 154-5°C and 
the specific rotation in chloroform was +198.83°. 

EXAMPLE 8 : PREPARATION OF 9 a , 1 1 B~PICHL0RO- 1 7 a- HYDROXY- 1 6 8~METHYL— 
PREGNA- 1 , 4-DIENE-3 , 20-DIQNE 17- VALERATE 

Valeric anhydride (4.80 ml; 23.97 mmoles) was added to cooled trifluo 
roacetic acid (4.80 ml; 62.72 mmoles) followed by methanesulphonic acid (0.400 
ml) and finally 9a, H6-dichloro-17a-hydroxy-16B-methylpregna-l,4-diene-3 , 20- 
dione (7.50 g; 18.23 mmoles). 

The temperature was raised to 40°C and the mixture stirred for 1 hour 
45 minutes, then poured slowly into ice cold water. The solid so obtained 
was filtered, washed with water, vacuum dried over potassium hydroxide pellets 
and immediately recrys tallised from methanol to yield 6.97 g of the title com 
pound. Further product could be obtained by concentration of the mother li- 
quors. The melting point was 170-2°C and specific rotation in dioxan was 



+118.54° 
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EXAMPLE 9 : PREPARATION OF BETAMETHASONE 17- VALERATE 21- ACETATE 

a) Trif luoroacetic acid (31.32 ml; 0.205 m les) , valeric anhydride 
(41.04 ml; 0.409 moles) and p- toluenesulphonic acid (2.70 g) were mixed at 
0°C and 9a-f luoro-llB, 17a ,21-trihydroxy-16B-methylpregna-l , 4-diene-3 , 20- 

5 dione 11-trif luoroacetate 21-acetate (54.00 g; 0.102 moles) was then added. 

The temperature was raised to 40°C and the mixture stirred efficiently for 

1 hour 25 minutes. Treatment with an ice-cold 10% pyridine : water mixture, 

followed by dissolution of the oily solid in methanol and precipitation in 

ice cold water gave a crystalline product, which was filtered, washed with 

10 water and dried at 50°C. The yield of betamethasone 11-trif luoroacetate 

1% 

17-valerate 21-acetate was 60.10 g, the product having an E. in methanol 

1 cm 

of 242 at 235-7 nm. 

b) The betamethasone 11-trif luoroacetate 17-valerate 21-acetate can then 
be transformed into betamethasone 17-valerate 21-acetate by the following gene 

15 ral process: 

The starting material was mixed with the chosen reagent in the sol- 
vent and stirred at the given temperature for the specified time. The pro- 
duct was obtained by precipitation in ice cold water, filtration, water wash_ 
ing, and drying at 50°C. 
20 The results of various experiments are given in Table II. 

EXAMPLE 10 : PREPARATION OF BETAMETHASONE 1 7- VALERATE 

a) According to Portuguese Patent 71.309, Example 1, 9a-f luoro-llB,17a, 
21-trihydroxy-16B-methylpregna-l,4-diene-3,20-dione 11-trif luoroacetate 17- 

25 valerate 21-acetate (45.00 g) prepared as in Example 9a, methanesulphonic 

acid (2.25 ml) and absolute methanol (135 ml) were stirred, with the exclu- 
sion of moisture, for 45 hours at 18°C and then 23.5 hours at between 18°C 
and 25°C. The mixture was poured into ice cold water, and the precipitated 
solid filtered, well washed with water, dried at 50°C to yield 38.50 g of he 

30 tamethasone 11-trif luoroacetate 17-valerate. Recrys tallisation from hot 

aqueous methanol gave an analytical sample with a melting point of 174-177°C. 

b) The betamethasone 11-trif luoroacetate 17-valerate can then be trans 
formed into betamethasone 17-valerate by the following general process: 

The starting material was mixed with the chosen reagent in absolute 
35 methanol and stirred at the given temperature for the specified time. The 
product was obtained by precipitation in ice cold water, filtration, water 
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Melting 
Point 
C 


183-8 
186-8 
192 

185-7 
193 
192-4 

196 
189-9L 


-o 

a> to 
>« 


1.60 
1.59 
1.67 
1.56 
1.60 
1.57 
1.53 

1.65 
1.70 


e 3° 


m N H H CM H N CO CO 
CMOJCslOJCMCNCs* CM OJ 


Time 
minutes 


ooooooo m m 
cMCNicooicsmcM i— < •— • 


Water 
ml 


0.10 


Absolute 
Methanol 

|ml 


N N N N N N ^ CNl CN| 

l—ll—tl—l*— *•—•»— ly^ 1— • *— ' 


Reagent 


mmoles 


0.76 
0.40 
1.49 
2.31 
0.60 
0.30 
2.33 

1.47 
1.17 


ml 


0.05 
0.04 
0.10 
0,20 
0.05 
0.04 
6.8 

0.10 
0.10 


Chosen 
Reagent 




Ethylamine 
Butylamine 

Ethylenediamine 
Morpholine 
Pyrrolidine 

Triethanolamine 

Ammonia 
in Absolute 
Methanol 

Ammonium 
Hydroxide 

Isopropylamine 


Betamethasone 
11-trif luoroacetate 
17-valerate 


mmoles 


3.49 
3.49 
3.49 
3.49 
3.49 
3.49 
3.49 

3.49 
3.49 


60 


2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 

2.00 
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washing and dryini- at 50°C. 

The rc-sults of various experirir.es art given in Table III. 

EXAMPLE 11 : PREPARATION' OF 9: -FLUO?.;-116. 17C-DIHYDROXY-21. 21-DI- 

I0D0-16 e-METHYLPREG-.'A-l . ^-DIENE-3 . 20-DIQNE 17- VALERATE . 
a) Valeric anhydride (15.03 ml; 75.05 moles) and trif luoroacetic acid 

(13.20 ml; 172.48 mmoles) were nixed at 0°C, then methanesulphonic acid (1.25 
ml) followed by 9--f luoro-116,17a-dihydroxy-21,21-di-iodo-16e-n.ethylpregna- 
l,A-diene-3,20-dione 11-trif luoroacecate (25.00 g; 34.52 mmoles) were added. 
After stirring for two hours, the reaction mixture was poured slowly into a 
0.025M disodium hydrogen phosphate solution. The aqueous phase was decanted 
off, and the residue dissolved in 50% acetone : methanol. After precipita- 
tion in ice cold water, the product was filtered, washed well with water, and 
dried at 35°C to yield 27.55 g. An analytical saisple of this unstable pro- 
duct was obtained from aqueous methanol in the presence of a small amount of 
p-toluenesulphonic acid. The iodine content was found to be 28.5%. 

b) The above product (3.00 g) was dissolved in methanol (18 ml) and tri 

ethylamine (3 ml; 21.54 mmoles) was added, after which the mixture was stirr 
ed for 30 minutes at room temperature. Precipitation in ice cold water yield 
ed the title compound, which was filtered, washed with water and dried at 35° 
C. The iodine content was shown to be 23.7%. 

EXAMPLE 12 : PREPARATION OF 21-DES0XYBETAMETHASONE 17- VALERATE 
a) Trichloroacetic acid (2.60 g; 15.91 nnoles) and valeric anhydride 

(3.18 ml; 15.88 mmoles) were mixed at 0°C, then p-toluenesulphonic acid (250 
mg) was added, followed by 9a-f luoro-116, 17a-dihydroxy-16B-methylpregna- 
l,4-diene-3,20-dione 11-trif luoroacetate (5.00 g; 10.58 mmoles). The mixture 
was warmed to 40°C and maintained at this temperature for 4 hours. After cooj, 
ing to ambient temperature, triethy lamine (25 ml) was added and stirring con- 
tinued for a further 30 minutes. Precipitation with ice cold water gave a 
solid, which was filtered, washed with water and dried at 50°C. Recrystalli 
sation from methanol gave an analytical sample with a melting point of 216-~ 
8 C, and a rotation in dioxan of +62.17°. 

b) When the reaction above is not treated with trie thy lamine, but merely 

precipitated in water, 2l-desoxybetaraethasone 11-trif luoroacetate 17-valerate 
is obtained. 
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c j 9a-Fluoro-ll6,17a-dihydroxy-16£-methylpregna-l,4-diene-3,20-dionc- 
11-trifluoroacetate 17-valerate (2.00 g; 3.59 mmoles)' in absolute methanol 
(24 ml) was treated with 100% hydrazine (0,400 ml; 12,52 mmoles) for 15 mi 
nutes at 24°C. The reaction mixture was poured into ice cold water, and the 
product filtered, washed and dried to yield 1.56 g of the title compound, ha 
ving a melting point of 212-5°C. 

EXAMPLE 13 : PREPARATION OF DEXAMETHASONE 17 , 21-DIPR0PI0NATE 

Trif luoroacetic acid (2.11 ml; 27.57 mmoles) was cooled to 0°C, and 
propionic anhydride (2.37 ml; 18.39 mmoles) was added, followed by methane- 
sulphonic acid (0.25 ml) and 9a-f luoro-llB, 17a, 21-trihydroxy-16a-methylpre- 
gna-l,4-diene-3,20-dione 1 1-trif luoroacetate 21-propionate (5.00 g; 9.18 
mmoles). After stirring at 40-45°C for 1 hour, the mixture was poured into 
a 50% aqueous solution of diethylamine . Filtration, washing and drying at 
50°C gave 4.10 g of dexamethasone 17 , 21-dipropionate , with a melting point 
of 204-6°C. This melting point was unchanged on recrys tallisation from aqu_e 
ous methanol. 

EXAMPLE 14 : PREPARATION OF BECLOMETHASONE 17 -ACETATE 

a) Triethylamine (0.200 ml; 1.43 mmoles) was added to a solution of 9a- 
chloro-lie-hydroxy-166-niethyl-17a,21(l , -methyl-l l -methoxy)methylenedioxy-pre_ 

gna-l,4-diene-3,20-dione 11- trif luoroacetate (2.00 g; 3.56 mmoles) in metha- 
nol (8 ml), tetrahydrofuran (8 ml) and water (2 ml). After stirring overnight 
the mixture was poured into ice cold water, the product filtered, washed with 
water and dried at 50°C to yield 1.50 g of the title product. Recrys tallisa- 
tion from methanol gave a compound with a melting point of 221-223 C and a 
specific rotation in dioxan of +106.36°. 

b) When the reaction mixture in Example 4 was precipitated in water, 
without prior treatment with ammonia, beclomethasone 11-trif luoroacetate 17, 
21-diacetate was obtained. This was reacted with anhydrous methanesulphonic 
acid in absolute methanol, by the process given in Portuguese Patent 71.039, 
to yield beclomethasone 11-trif luoroacetate 17-acetate, which was further 
treated with an amine to give beclomethasone 17-acetate. Recrystallisation 
from methanol gave an analytical sample with a specific rotation in dioxan 
of +106.58°. 
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EXAMPLE 15 : PREPARATION OF B E C Lv T *-.\ >IV.Z 17 , 2 1-DlPROPIONATE 

a) Trifluorcaceric acid (1.20 ml; 15. 6£ r—.lis) was cooled to 0°C, when 
propionic anhydride (1.512 ml; 11.73 nrr.oies) was added, followed by methane- 
sulphonic acid (0.20 ml) and 9a-chloro-l I £ f 1 7a , 21- trihydroxy^l6S-me thy lpregna- 

5 1 , A-diene-3,20-dione 11-trif luoro'acetate 21-propionate (A. 00 g; 7.13 uiraoles). 
The mixture was heated to 80°C and maintained at this temperature for 2.5 
hours, with stirring. After precipitation with ice cold water, the product 
was filtered, washed well with water, and dried at 50 °C to yield A. 02 g of 
beclouiethasone 1 1-trif luoroacetate 17 , 21-dipropionate . Recrystallisation 
10 from methanol gave an analytically pure sample with a melting point of 176- 
7°C. 

b) 9a-Chloro-llS,17a 3 21-trihydroxy-16S-methylpregna-l,4-diene-3,20-dione 
11-trif luoroacetate 17 , 21-dipropionate (3.00 g; A. 86 mmoles) was dissolved in 
methanol (18 ml) and dioxan (12 ml), after which morpholine (0.300 ml; 3.A8 

15 mmoles) was added. After stirring at 25°C for 1 hour, the reaction mixture 
was neutralised with 50% aqueous acetic acid, and precipitated in ice cold 
water. Filtration, washing with water and drying at 50°C gave 2.A5 g of be 
clomethasone dipropionate 17 , 21-dipropionate . After a recrystallisation from 
acetone, the product complied with the United States Pharmacopoeia XX h.p.l.c. 

20 assay for this product. 



EXAMPLE 16 : PREPARATION OF 21-DES0XYBECL0METHAS0NE 1 7 - VALE RATE 

a) A mixture of trif luoroacetic acid (27.00 ml; 353 mmoles) and valeric 
anhydride (13.50 ml; 67. A mmoles) was prepared at 0°C, after which p- toluene^ 

25 sulphonic acid (1.80 g) and 9a-chloro-118, 17a-dihydroxy-16B-methylpregna-l , A- 
diene-3,20-dione 11-trif luoroacetate (18.00 g; 36.8 mmoles) were added. The 
temperature was raised to A0°C and the reaction stirred for 2 hours. Preci- 
pitation with ice cold water gave an oily solid, which crystallised when tri 
turated with methanol. Filtration and drying at 50°C gave 17.71 g of 21-deso 

30 xybeclomethasone 11- trif luoroacetate 17-valerate, with a melting point of 
187-90 f, C. 

b) The above product was then transformed into 21-desoxybeclomethasone 
17-valerate by the following procedure: 

The starting material was mixed with the chosen reagent in the sol- 
35 vent and stirred at the given temperature for the specified time. The pro- 
duct was obtained by precipitation in ice cold water, filtration, water wash 
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ing and drying at 50°C. 

The results f some experiments are given in Table IV. 

EXAMPLE 17 : PREPARATION OF CLOBETASOL 17-PROPIQNATE 

5 a) Trif luoroacetic acid (2.23 ml; 29.14 mmoles) and propionic anhydride 

(2.50 ml; 19.40 mmoles) were mixed at 0°C, after which 70% perchloric acid 
(0.272 ml) and 21-chloro-9o-f luoro-116,17ct-dihydroxy-16B-methylpregna-l, 4- 
diene-3,20-dione 11-trif luoroacetate (4.90 g; 9.67 mmoles) were added. 
Stirring at 40-45°C for 3 hours and precipitation in ice cold water, gave a 
10 solid, which was filtered, washed well with water and dried at 50°C. The 
product, clobetasol 11- trif luoroacetate 17-propionate, weighed 5.15 g. 

b) The product obtained above (4.78 g) was suspended in methanol (28.7 
ml) and triehtylamine (1.195 ml; 8.58 mmoles) was added. The mixture was 
stirred at 25°C for 30 minutes and then neutralised by the addition of 50% 

15 aqueous acetic acid. After precipitation, the product was filtered, washed 
and dried at 50°C to yield 3.72 g. An analytical sample of the clobetasol 
propionate was obtained by recrys tallisation from methanol and had a melting 
point of 200°C and specific rotation in dioxane of +99.21°. 

c) The product obtained in stage a) above (100 mg; 0.18 mmoles) was sus 
20 pended in absolute methanol. After adding 100% hydrazine (100 yl; 0.62 mmo- 
les), the mixture was stirred at 28°C for 15 minutes, and then precipitated 
in ice cold water. The product was shown to be chromat ©graphically identical 
with that obtained in stage b) above. 

25 EXAMPLE 18 : PREPARATION OF CLOBETASONE 17-BUTYRATE 

Butyric anhydride (5.28 ml; 32.37 mmoles), trif luoroacetic acid (2.376 
ml; 31.05 mmoles) were mixed at 0°C, then methanesulphonic acid (0.200 ml), 
nitromethane (20.0 ml) and 21-chloro-9a-f luoro-17a-hydroxy-16B-methylpregna- 
l,4-diene-3,ll,20-trione (4.00 g; 10.23 mmoles) were added. The reaction was 
30 stirred at 40°C for 3 hours and then poured slowly into ice cold water, to 

give an oily solid, which was filtered, water washed and dried to yield 3.71 
g. Recrystallisation from methanol gave an analytical sample with a melting 
point of 184-6°C and a specific rotation in dioxan of +127.98°. 

EXAMPLE 19 : PREPARATION OF BETAMETHASONE 17-BENZ0ATE 
35 " 
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10 



25 



30 



9a-Fluoro-lie-hydroxy-16^methyl-17a,21(l , -phenyl-l , -mecho^OTnethy_^ 
enedioxy-pregna-l,4-diene-3,20-dione 11-trif luoroacetate (3.00 g; 5, OA indo- 
les) was dissolved in a mixture of methanol (12 ml), tetrahydrof uran (12 ml) 
and water (3 ml), then triethy laroine (0.300 ml; 2.15 mraoles) was added. 
After stirring overnight, the product was obtained by precipitation in ice 
cold water, followed by filtration, washing and drying at 50°C. The yield 
of the title compound was 2.55 g. Recrys tallisation from methanol gave an 
analytical pure sample with a melting point of 225 C and E 1 " cin of 555 at 
233-234 nm. 

EXAMPLE 20 : PREPARATION OF PREDNISOLONE 17- VALERATE 2 1- ACETATE 



a) Valeric anhydride (3.50 ml; 17.48 mmoles) was mixed with trifluoro- 

acetic acid (2.30 ml; 30.05 mmoles) at 0°C, after which methanesulphonic 
acid (0.25 ml) and llB,17a,21-trihydroxy-pregna-l,4-diene-3, 20-dione 11-tri, 

15 fluoroacetate 21-acetate (5.00 g; 10.03 mmoles) were added. The reaction 

was warmed to 25°C, stirred for one hour, poured into ice cold water, to gi 
ve an oily solid. This was dissolved in methanol and precipitated in water 
to give a solid, which was filtered, washed and dried, yielding 5.30 g of 
prednisolone 11-trif luoroacetate 17-valerate 21-acetate. 

20 b) The above product (3.00 g; 5.15 mmoles) in absolute methanol (18 ml) 

was treated with triethy lamine (2.40 ml; 17.21 mmoles) at 24°C for 5 hours. 

The product, which was obtained by precipitation in ice cold water, filtra- 

1% 

tion, washing and drying, weighed 2.35 g, and had an E^ ^ of 279 at* 241-3 
nm in methanol. 

EXAMPLE 21 : PREPARATION OF 9a-CHL0R0-llB ,17tt, 21-TRIHYDROXY-16B" 
METHYLPREGN— 4— ENE-3 , 20-DIONE 17 , 21-DIPR0PI0NATE 

The above product was prepared from 9a-chloro-llB , 17a , 21-trihydroxy- 
168-me thy lpregn-4-ene-3 , 20-dione 11-trif luoroacetate 21-propionate by the me 
thod given for beclomethasone 17 , 21-dipropionate under Example 5. 

EXAMPLE 22 : PREPARATION OF 6ot -METHYLPREDNI SOLONE 17-BUTYRATE 
21-ACETATE 

This was prepared in an analogous manner to that of 21-desoxybetame 
35 thasone 17-butyrate in Example 6, starting from 6a-methylprednisolene 11-tri 
fluoroacetate 21-acetate. 

.-»/«•• 
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EXAMPLE 23 : ICATER MISCIBLE CREAM ?OR:rJLATIO:; 

A water miscible cream of clobetasel 1 7 -propionate can be prepared 

as follows: 

Part 1 ~ The following are mixed and melted at 70°C: 



Cetostearyl alcohol ("Lanette 0" R ) 18.0% 

Cetostearyl alcohol containing approxi_ 
mately 12 moles of ethylene oxide 

("Eumulgin Bl" R ) ; 1.5% 

Cetostearyl alcohol containing approxi 
mately 20 moles of ethylene oxide 

("Eumulgin B2 M R ) 1.5% 

Caprylic/capric acid triglyceride 

("Myritol 318") 10.0% 

Part II - Suspend at room temperature: 

Clobetasol 17-propionate the equivalent 

to 0.05% of clo 
betasol 

Glycerol 5.0% 

and ball mill it. 

Part III - Dissolve at boiling point: 

Methyl 4-hydroxybenzoate 0.3% 

in 

Bidistilled water 63.65% 



Cool to 70 C and adjust volume, if necessary. 

One third of Part III is added to Part I with stirring at 70°C, 
then Part II is added, followed by the remainder of Part III at 70°C. The 
mixture is cooled slowly with stirring, when a jelly begins to set at about 
55 C. The stirring is continued until ambient temperature to ensure good 
homogeneity. Th pH will be between 5.0 and 5.3. 

EXAMPLE 24 : LOTION FORMULATION 

A lotion formulation of 9 , ll-dichloro-17a-hydroxy-168-methylpre 
i:na-l,4-diene-3,20-dione 17-valerate can be prepared as follows: 
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Part I - The following are mixed and rvilt&d ac 7Q W C: 

Cetostecvyl alcohol ("Lanett= 0 n N ) 0.65% 

Ethylene-glycol stearate ("Curina AGS" R ) 0.65% 
Cetoscearyl alcohol containing apprcxi- 
5 mately 20 moles of ethylene oxide 

("Eumulgin B2 M R ) 0.93% 

Liquid paraffin 1.95% 

Part II — Suspend at room temperature:. 

10 9,1 1-Di ch loro-1 7a-hydroxy- 1 6 8- me thy lpr egna- 

1 , 4-diene-3 ,20-dione 17-valerate the equivalent 

to 0.1% of the 

parent steroid 
Glycerol B.P 2.50% 

15 Propan-2-ol 6.50% 

and ball mill it. 

Part III - Dissolve at boiling point: 

Methyl 4-hydroxybenzoate 0.15% 

20 in 

Glycerol B.P 2.50% 

Bidistilled water 84.05% 

Cool to 70°C and adjust volume, if necessary. 

25 p art III is added to Part I with stirring at 70°C, then Part II 

is added. The mixture is cooled with efficient stirring to ensure homogenei_ 

EXAMPLE 25 : OINTMENT FORMULATION 

30 An ointment of dexamethasone 17 ,21-dipropionate can be prepared 

as follows: 

Solid vaseline 91.8% 

Liquid paraffin 8.1% 

Dexamethasone 17 , 21-dipropionate the equivalent 

3 5 to 0.1% of de^ 

xamethasone 
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The vaseline is melted and maintained at 50°C with efficient 
stirring, whilst a ball-milled suspension of the dexamethasone 17,21-dipro 
prionate in the liquid paraffin is added. The tubes are filled whilst thl 
mixture is still hot and liquid. 

EXAMPLE 26 : ORAL INHALATION SPRAY FORMULATION 

A spray formulation of beclomethasone 17 ,21-diacetate can be pre 
pared as follows: ~ 

Beclomethasone 17 ,21-diacetate (micronised) . . . , 12.06 mg 

Linoleic acid . 10.00 mg 

Fluorotrichlorome thane 9990.00 mg 

Dichlorodif luororaethane 15000.00 mg 

The linoleic acid is efficiently mixed with cold f luorotrichloro 
methane, then the micronised steroid is added. The mixing is continued un- 
til a completely uniform mixture is obtained. An evaporated f luorotrichloro 
.methane must be replaced as necessary. Each inhaler is filled with the re- 
quired amount, after which, the valves are attached, and the required dichlo 
rodif luoromethane pumped in. 

EXAMPLE 27 : INTRAMUSCULAR INJECTION FORMULATION 

An intramuscular injection formulation of 21-desoxybetamethasone 
17-heptanoate can be prepared as follows: 

21-Desoxybetamethasone 17-heptanoate 1.298 g 

Sesame oil _ 100 ml 

The sterile micronised steroid is efficiently mixed with the ste 
rile sesame oil to ensure a uniform mixture. Each ampoule is filled with 1 
ml . 
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Certain compounds which can be made by the process of the inver: 
tion are novel per se and form a further aspect of the present invention. 
These include: 

9a-Fluoro-llB, 17a-dihydroxy-166-methy lpregna-1 ,4-diene-3 , 20-dione 17-hepta 
5 noate; 

9a-Chloro- 11 B, 17a, 21- trihydroxy-16&-me thy lpregna-1 ,4-diene-3 , 20-dione 17, 21- 
diacetate ; 

9a, llg-Dichloro-17a, 2 l-dihydroxy-16B-me thy lpregna-1 , 4-diene-3 , 20-dione 17- 
valerate 21-acetate; 

10 9a-Chloro-llB, 17a-dihydroxy-168-methy lpregna-1 , 4-diene-3, 20-dione 17-butyra 
te; 

9a-Ch lor o-17a-hydroxy-16B-me thy lpregna-1 ,4-diene-3 , 11, 20-trione 17-butyrate; 

9a, 11 B-Dichloro-1 7a-hydroxy- 16 B~me thy lpregna-1 ,4-diene-3, 20-dione 17-valera 
15 te; 

9a-Chloro-ll 8, 17a, 21- trihydroxy-16B-me thy lpregna-1 ,4-diene-3, 20-dione 17- 
acetate; 

9a- Chloro-1 IB, 17a, 21- trihydroxy-168-methylpregn-4-ene-3, 20-dione 17,21-dipro 
pionate. 

20 The invention further includes pharmaceutical compositions which 

comprises a novel compound of the invention or a compound made by the process 
of the invention, and an inert pharmaceutical ly acceptable carrier therefor. 
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CLAIMS: 



1. 

inula 



A process for the preparation of corticosteroid esters of the f: 



10 



15 



20 



25 



30 



wherein 



X 

Ri 

R 2 

R 3 



Rs 
R 6 




( I ) 



signifies that a double bond can be present; 
is hydrogen, fluorine or chlorine; 

is hydrogen, fluorine, chlorine or methyl, which may be either c 
or 6; 

is halogen, oxo, i.e. ketonic oxygen, or hydroxyl; 
is hydrogen, ct-methyl or 8-methyl; 

is an acyl group of the formula RCO, in which R is one of the 
following: 

i) an alkyl group containing 1 to 16 carbon atoms, whether 
straight-chained, branched or cyclic; 

ii) an aralkyl group of 7 to 8 carbon atoms; or 

iii) a phenyl group; 
is hydroxyl or R 6 ; where 

is hydrogen, halogen, two halogen atom substituents or 0R 7 , where 
R? is an acyl group of the formula R'CO in which R ' , which can be 
identical or different to R in the same molecule, is one of the 
following : 

i) an alkyl group containing 1 to 16 carbon atoms, whether 
straight-chained, branched or cyclic; 

ii) an aralkyl group of 7 to 8 carbon atoms; or 

iii) a phenyl group; 

which comprises esterifying a compound of the forr-.ula 



35 
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-R 5 
=0 




wherein X, Ri , R3 and R5 are as defined above, and 
Re is trihaloacetate, halogen or oxo; 



10 at the 17- position only, or at the 17- and 21- positions when R 5 , in formu 
la III, is hydroxyl , the said es terif ication being carried out with the anh^ 
dride of the acid containing the group it is desired to enter at the 17- p£ 
sition, or at the 17- and 21- positions, together with a pair of strong acids; 
and if desired eliminating immediately thereafter any 11-trihaloacetate subs- 

15 tituent, to form a compound of formula I, wherein R2 is hydroxyl, R 5 is R&, 
and X, Ri , R3 and Ru are as defined above; or when Re is halogen or oxo and 
Rs is R 5 , isolating a compound of formula I after the said esterif ication; 
or treating a compound of formula IV from the esterif ication 



r R s 




wherein R5 is R6, by eliminating the 11-trif luoroacetate group therefrom by 
reaction, in the presence of a lower alcohol, with an organic amine (other 
than one in which the nitrogen forms part of an aromatic ring), or ammonia 
gas dissolved in a suitable anhydrous, solvent, or ammonium hydroxide or hy- 
30 drazine, to produce a compound of formula I wherein R2 is hydroxyl, R5 is R6 
and X, Ri, R3 and R* are as defined from formula I; or by so eliminating the 
11-trihaloacetate group from a compound of formula 



35 
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(Trihaloacetvl 7 




< V ) 



wherein X, R x and R 3 are as defined for forraul 



a I; 



R9 
Ri 0 



is an alkyl group of 1 to 3 carbon atoms; and 
is a hydrocarbon group comprising one of the following: 

i) an alkyl group of 1 to 16 carbon atoms, whether straight- 
chained, branched or cyclic; 

ii) an aralkyl group of 7 to 8 carbon atoms; or 

iii) a phenyl group; 

to form a compound of formula I, wherein R 2 and R 5 are both hydroxy Is and R r 
R3, Ru and X are as defined for formula I. 

2 * A P r °cess according to claim 1, wherein the compound of the fo_r 

mula III, in which R 8 is trihaloacetate , is prepared by the 11-trihaloacety 
lation of a compound of the formula 




( II ) 

wherein X, R x , R 3 and R s are as defined for formula I. 

3 ' A P^cess according to claims 1 or 2, wherein the trihaloacetate 

group is trif luoroacetate. 

4 - A Process according to any preceding claim, wherein at least 

1.5 moles of the acid anhydride is used, for each mole of the steroid to be 
es terif ied. 

5 * A Process according to any preceding claim, wherein the pair of 

strong acids is chosen from a trihaloacetic acid plus one of the following: 
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p-toluenesulphonic acid, nie thanesu Iphonic acid, benzenesulphonic acid, per- 
chloric acid, hydrochloric acid. 

6. A process according to claim 5, wherein the trihaloacetic acid 
is trif luoroacetic acid or trichloroacetic acid. 

7. A process according to claim 5 or 6, wherein at least 1.5 moles 
of the trihaloacetic acid is used, for each mole of the steroid to be esteri_ 
fied, and the second acid of the pair is present in at least a catalytic 
quantity. 

8. A process according to any preceding claim, wherein, after said 
es terif ication of a compound of formula III, any 11-trif luoroacetate group 
is immediately eliminated by one of the following processes: 

a) Treatment with an organic amine, other than an amine in 
which the nitrogen forms part of an aromatic ring, follow 
ed by precipitation in water; 

b) Treatment with a mixture of an organic amine, as defined 
in a) above, and of water; or 

c) Treatment with ammonium hydroxide solution. 

9. a process according to any of the claims 1 to 8, wherein the ami 
ne used to remove the 11-trihaloacetate group is a primary amine, such as 
ethylamine, cyclohexy lamine, i s op ropy 1 amine, n-butyl amine, benzylamine or 
ethanol amine. 

10. A process according to any of the claims 1 to .8, wherein the ami 
ne used to remove the 11-trihaloacetate group is a secondary amine, such as 
diethy lamine, dipheny lamine , morpholine, piperidine or pyrolidine. 

11. A process according to any of the claims 1 to 8, wherein the ami_ 
ne used to remove the 11-trihaloacetate group is a tertiary amine, such as 
triethylamine, triethano lamine or ethyldi is op ropy lamine . 

12. A process according to any of the claims 1 to 8, wherein the an- 
hydrous ammonia used to remove the 11-trihaloacetate group is dissolved in 
an anhydrous lower alcohol. 

13. A process according to claim 12, wherein the lower alcohol is me 
thanol or ethanol. 

14. A process according to any of the claims 1 to 13, wherein the 
amine, anhydrous ammonia, ammonium hydroxide solution or hydrazine used to 



oo:.:.:"" 

remove the 11-trihaloacetate group is present in an «;r nunt fror. 1 ' ' 

a slight stoichiometric excess.* 

15. The compounds: 

9a-Fluoro-llB,17a-dihydroxy-16B-methylpregna-l,4-diene-3,20-dio;u- » M ' 

5 noate; 

9a-Chloro-llB,17cx,21-trihydroxy-16e-methylpregna-l,A-diene-3,2C-.^- v ^ ' ' 
diacetate; 

9a,llBr-Dichlorb-17a,21-dihydr^ * 
valerate 21-acetate; 

0 9a-Chloro-llB,17a-dihydroxy«16B-raethylpregna-l,4-diene-3,20-dior.o >^ v 4 
te; 

9a-Chloro-17a-hydroxy-16S-methylpregna-l,4-diene-3,ll,20-trione ' " " 

9a,116-Dichloro-17a-hydroxy-16B-methylpregna-l,A-diene-3,20-dior.c V w * 
te; 

5 9a-Chloro-llB,17a,21-trihydroxy-16B-inethylpregna-l,A«diene-3 > 20- : .x^ • 
acetate; 

9a-Chloro-llB,17a,21-trihydroxy-16B-methylpregn-4-ene-3 ) 20-dione * 
prionate . 
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@ A process for the preparation of corticosteroid esters 
of the formula 

r- R * 



CO 
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CM 
CM 
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HI 




{■> 



p 

wherein 1 

— signifies that a double bond can be present; 

X is hydrogen, fluorine or chlorine: 

R, is hydrogen, fluorine, chlorine or methyl, which may 
b either a or p; 

R» is halogen oxo, i.e. ketonic oxygen, or hydroxyl; 

Rj is hydrogen, a-methyl or P-methyl; 

R 4 is an acyl group 

R« is hydroxyl or R e ; where 

R« is hydrogen, halogen, two halogen atom substituents 
or OR T , where R T is an acyl group 

which comprises esterifying a compound of the formula 




(III) 



wherein X, R,, R 3 and R s are as defined above, and 

R, is trihaloacetate, ahlogen or oxo; 
at the 17-position only, or at the 17- and 21-positions when 
R 5 , in formula III, is hydroxyl the said esterification being 
carried out with the anhydride of the acid containing the 
group it is desired to enter at the 17-positton, or at the 17- 
and 21-positions, together with a pair of strong acids; and 
if desired eliminating immediately thereafter any 11- 
trihaloacetate substituent. to form a compound of formula I, 
wherein R a is hydroxy!, R 5 is R«, and X, R 1t R, and R 4 are as 

(Continuation next page) 
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defined above; or when R, is halogen or oxo and R, is R 6 . 
isolating a compound of formula I after the said esterifica- 
tion; or treating a compound of formula IV from the esterif- 
ication 

i— R» 



(Trihaloacetyl)-0. 




(IV) 



wherein R, is R„ by eliminating the 11-trihaloazetate group 
therefrom by reaction, in the presence of a lower alcohol 
with an organic amine (other than one in which the nitrogen 
forms part of an aromatic ring), or ammonia gas dissolved 
in a suitable anhydrous solvent, or ammonium hydroxide or 
hydrazine, to produce a compound of formula I wherein R a 
is hydroxyl, R 5 is R. and X, R„ R, and R 4 are as defined from 
formula I; or by so eliminating the 11-trihaloacetate group 
from a compound of formula 




wherein X, R, and R, are as defined for formula I. 
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ting from compounds of formula V. 
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